This study determined the economic effects of avian influenza on the egg-production sector of Afyon Province, Turkey. Economic indicators were compared before and during the avian influenza outbreak. A questionnaire was conducted with 75 poultry farmers. Farms were divided into three groups according to their size.
INTRODUCTION
Ensuring food safety should be primary focus of national agricultural policies, irrespective of the level of economic development of agriculture. As proteins of animal origin are an important part of many people's diets, meeting the demand for animal protein is a crucial part of the food safety policy. Turkey's rapidly increasing population presents some challenges in providing for balanced nutrition, and this situation requires rational use of resources in the national economy. Even though geographical and ecological conditions in Turkey favor animal agriculture, the level of production and consumption of animal products is not sufficient to fully supply the required protein level. It is evident that many people in Turkey do not currently consume sufficient animal protein. Thus, it has been recommended that measures should be taken to increase consumption of animal protein (State, 2001) .
Chicken production has an important role in Turkey's animal production sector. It significantly contributes to the Turkish economy through employment and the economic value of its products. Chicken meat and eggs have a high nutritional value and short production times. The egg-production sector presents opportunities to improve dietary quality at a relatively low economic cost. For these reasons, the egg-production sector has a central role in terms of increasing Demircan V 1** Yilmaz H 1 and developing animal production (Bayaner, 1999) .
In recent years, important developments have been achieved in the egg-production sector in Turkey, particularly in terms of the number of hens, production, yields, production technology, and marketing cooperation. As a result of these developments, traditional village laying hens have been replaced by commercial and industrial-scale egg-production farms. Likewise, there was a 5.4 fold increase in the total number of hens in Turkey, from 64,078,000 in 1990 to 344, 819,845 in 2006 344, 819,845 in . Between 1990 344, 819,845 in and 2006 , egg production in Turkey increased from 384,930 to 733,348 ton/year, corresponding to a 1.9 fold increase. The total number of layers in Turkey in 2006 was 58,698,485 in 2006, representing 17% of the total laying hens (Turkish, 2006) . According to 2006data, Turkey was ranked 11th in the world in terms of egg production (Food, 2006) . Although these data demonstrate the progress of this sector, hen farming has several problems and its current potential cannot be completely assessed. The production system is foreign-dependent in terms of genetics. Several technologically-dependent production processes (vaccines, antibiotics, biologic and chemical elements, feed additives, growth promoters, etc.), poultry houses, hatcheries, feed mills, and processing plants have also largely been supplied by overseas companies. In addition, several feed raw materials, especially maize and soybean, have been purchased from abroad. All these factors considerably increase production costs and negatively affect the international competitiveness of Turkish egg industry. The volatility of international egg prices, due to supply-demand instabilities, means that egg prices are sometimes lower than production costs. Such fluctuations have been identified as the most significant challenge for egg-producers (State, 2001) .
The first confirmed cases of avian influenza in Turkey occurred in the Manyas district of Balikesir province. The spread of disease can generally be limited by following a series of containment measures, but, as these measures were not implemented in the entire country, avian influenza appeared in the DoÅubeyazit district of AÅri province at the end of December in 2005. Across Turkey, 20 people were infected with avian influenza, 4 of whom died, and 2.5 million birds were destroyed (Yenen, 2006) . The egg sector was considerably affected by avian influenza. Since the demand for chicken meat and eggs declined, producers experienced important economic losses. Producers had to sell their products below cost price, and some farms closed as a result (Demir, 2006) . In the study area avian influenza was not observed, but it affected layer farms due to a reduction in egg demand in egg price. In the study area some preventive measure instructions were given to producers, who were required to follow them by municipalities and the Ministry of Agriculture and Rural Affaires. The preventive measures included entrance restrictions in layer farms, detailed sanitation measures, and preventing the access of wild birds into the poultry houses. The additional costs resulting from these measures were paid by municipalities and Ministry of Agriculture and Rural Affaires.
The purpose of this study was to determine the economic effects of avian influenza on layer farming in Afyon province, Turkey. Afyon province has an important role in egg production and marketing, and therefore the province's production has the potential to directly affect prices throughout Turkey. Afyon is the main egg-producing and exporting province in Turkey (Under, 2007) . In 2006, there were 6,183,223 layers in Afyon province, producing 87,839 tons of eggs, representing 10.5% and 12% respectively of national totals (Turkish, 2006) . The value of egg exports from Afyon province is $12 millions, 17.6% of Turkey's total egg exports.
The economic effects of avian influenza were determined by comparing economic indicators during the period of avian influenza with those prior to the outbreak. It is expected that the results of the study will assist policy makers to establish compensation for producer losses and to develop solutions to problems of the egg industry.
Few studies have been published on the determination of the economic effects of avian influenza on poultry farming in Turkey. In this context, the present study helps to improve the understanding of the economic implications of avian influenza and will act as an important guide to further studies.
MATERIAL AND METHODS
The data used in this study were obtained using a questionnaire applied to egg farmers of Afyon province. In addition, evidence from similar studies conducted by other institutions and researchers were also utilized. Primary data was obtained during two 6-month periods: one in 2005, before the avian influenza outbreak, and the other in 2006, during the avian influenza outbreak. The two questionnaire periods cover different times of the year/production periods. In order to make a comparison on a same basis, it was necessary to account for any seasonal variation between the two sampling periods. Therefore, data were obtained for the same 6-month periods in 2005 and 2006, covering the period of December-May. Numerical data on costs and income obtained in the 6-month period of 2006 are adjusted for inflation.
Surveyed areas were selected following discussion with the personnel of the Ministry of Agriculture branch in Afyon province. Based on registrations of eggproducing farms, Afyon province, Baþmakçi, Bolvadin, and ÿuhut districts were selected as questionnaire sites due to the high proportion of egg-production in those areas. According to the registration data, there are 126 layer farms in the researched area. We initially hoped to survey all registered farms. However, some farms had closed their facilities due to avian influenza, whereas other farmers chose not to participate in the survey. The questionnaires were therefore completed by 75 farmers. Due to the wide range of sizes of the participating enterprises, farms were divided into three groups, according to the number of layers. The three groups included Group I: farms with 1-10,000 birds (37 farms); Group II: farms with 10,001-30,000 birds (21 farms); and Group III: farms with more than 30,001 birds (17 farms). Information obtained from the farmers by questionnaire were evaluated using Microsoft Excel program. The data were analyzed using the General Linear Model procedure of SAS, and PDIFF statements were used to compare farm groups.
Depreciation of buildings, machinery, and livestock was calculated. Depreciation rates were 2, 4, 1.5, and 5% for concrete buildings, mud brick and wood buildings, stone buildings, and capital for machinery, respectively (Erkus et al., 1995) . The following formulae were used to calculate the interest of capital invested in machinery and buildings (Kiral et al., 1999) .
Since end of year values were considered for machinery and building capital, real interest rates were used (Kadlec, 1985) :
Where: i : real interest rate r : nominal interest rate f : inflation rate (wholesale price index) During the surveyed period, annual nominal interest was 23.5% and the inflation rate was 11.58%; therefore, the real interest rate was found to be 10.68%.
There is plural production activity on some of the participating farms. Therefore, some variable costs for machinery were common to those production branches. When distributing common costs, the proportion of machinery use by the egg-production part of the business was evaluated. Management expenses were assumed to be 3% of variable costs. When calculating the equivalence of labor cost of the family work, the wage rate of hired workers was used as basis. In cost calculations relative to the egg-production activity, since eggs are produced and sold on a daily basis, calculation of revolving fund interest was not required, because there is very short period between production and sale periods. (Kiral et al., 1999) . However, revolving fund interest was calculated for the replacement pullet rearing period. Revolving fund interest was considered as half the interest rate (3.5 %) applied by the Turkish Republic Agricultural Bank to variable costs for laying hen production credits.
Revenue from total sales of the egg-production activity constituted gross product value. By subtracting variable costs and production costs from gross product value, gross profit and net profit were obtained, respectively. Relative return was calculated by dividing gross product value by total production costs (Erkus et al., 1995; Rehber, 2005; Inan, 1998) .
RESULT AND DISCUSSION
The costs of items of the layer farming production branch were classified and analyzed as fixed and variable costs. The cost of egg production in farms is given in Table 1 (during avian influenza) and 2 (before avian influenza). As shown in Tables 1 and 2 , the production costs per farm in groups I and II was lower during the avian influenza outbreak than before. However, no significant difference in costs was found for group I. Production costs during the avian influenza period were 71,073.36, 20,4607.48, and 790,798 .09 YTL for groups I, II, and II, as compared to 70,818.99, 23,7545.62, and 97,9892 .20 YTL, respectively, in the period before avian influenza (1 USD=1.43 YTL). Since many laying hens were destroyed during the avian influenza period, the production costs of laying hen farms decreased. The number of hens destroyed per farm across the region was determined as 13,937, on average. The largest part of egg production costs in (State, 2007; Turkish, 2008) . Feed is the main cost amongst the cost items of the investigated farms. During the period of avian influenza, the cost of feed represented 65.62%, 71.92%, and 68.80% of the total costs for groups I, II, and III, respectively. During the period before the avian influenza outbreak, feed costs represented 65.57%, 74.31%, and 73.78% of the total costs for groups I, II, and III, respectively. Similar results were found in other studies. Sariözkan and Sakarya (2006) reported that the share of feed cost in the total 
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production cost was 67.46% for small farms, 70.89% for medium-size farms, and 70.05% for larger farms. Bayaner (1991) reported that the share of feed cost in the total cost was 67.82%. Bostan (1980) found that the share of feed cost in the total production cost was 73.4%. In order to minimize feed cost , which is the most significant economic cost in egg production, some measures are required. As Turkey produces little maize and soybeans, which are the basic components of chicken feeds, 30% of maize and 90% of soybean are imported (Ministry 2004). Higher premiums should be paid to incentive sufficient domestic maize and soybean production, thereby reducing dependence from imports. On the other hand, the other important cost item in the egg-production cycle is pullet rearing costs. The share of pullet rearing costs in the total production costs of groups I, II, and III were determined as 17.52%, 15.02%, and 16.12% for the period of avian influenza and 19.44%, 14.13%, and 13.91% for the period before avian influenza, respectively.
Income items during both survey periods are given in Tables 3 and 4 . Gross product values per farm group during the avian influenza outbreak for farms of all sizes were significantly lower than in the period before avian influenza, as shown in Tables 3 and 4 . Gross product values per farm for groups I, II, and III were 51,497.21, 164,797.37, and 678,762.76 YTL during the avian influenza period, down from 64,392.75, 244,511.97, and 1,134,545.69 YTL in the period before avian influenza, respectively. The reason for the lower gross product values during the avian influenza period could be the low egg prices obtained during that period. While the egg price during the avian influenza period was 0.059 YTL/egg, it was 0.088 YTL/egg before the avian influenza period (Registrations, 2006) . During both periods, the most important part of gross product values consisted of egg sales. However, the income from egg sales as a proportion of the total gross values was lower during the avian influenza period. This can be explained by including in the gross product value, the value of the that were destroyed during the avian influenza period. Within the surveyed regions, infected and cull layers (60 weeks or older) were sacrificed, for which farmers received a compensation payment of 1.1 YTL/head from the Ministry of Agriculture and Rural Affairs (Og, 2005) . The compensation payments received by groups I, II, and III made up 10.99%, 6.26%, and 5.56%, respectively, of the gross product value during the avian influenza period. The value of egg sales as a proportion of the total gross value product during the avian influenza period therefore accounted for 88.0%, 92.46%, and 93.32% for groups I, II, and III, respectively. This compares to the 98.83%, 99.41%, and 99.19% share of egg sales during the period before avian influenza. Gross profit, net profit, and relative return per farm and per hen are shown in Tables 5 and 6 . The results indicate that gross profit, net profit, and relative return per farm were lower for all farm sizes during the avian influenza period. The average gross profit per farm in groups I, II, and III was 483.58, 6,549.57, and 84,914.64 YTL during the avian influenza period, as compared to 14,528.13, 57,579.81, and 365,309 .84 YTL in the period before avian influenza. Gross profit is an important criterion that determines the competitiveness of the production activity of the farm in terms of efficient resource-use (Rehber, 2005) . According to the results, gross profit per farm increased as farm size increased, and larger farms were more successful in terms of management principles. While the average net profit per farm was found to be negative for all farm sizes during the avian influenza period, group I was the only group that presented negative net profit before the avian influenza period. The average net profit per farm for groups I, II, and III was -19576.14, -39,810.11, and -112,035 .33 YTL during the avian influenza period and -5665. 51, 8,422.92, and 163,873 .71 YTL during the period before avian influenza. Relative return is another criterion that measures the success of a commercial enterprise. Relative return refers to income which is gained from a cost to the business of each monetary unit (1 YTL). Relative return should be higher than 1 in order to ensure profitability. The relative return for groups I, II, and III was 0.72, 0.81, and 0.86 during the avian influenza period, and 0.92, 1.04, and 1.17 before the avian influenza period (Tables 5 and 6 ). The losses recorded by all farm size groups during the avian influenza period can be explained by the reduced prices caused by reduced demand during this period. Data of the Afyon Province Office of the Ministry of Agriculture and Rural Affairs show that 35 egg-producing farms closed down due to avian influenza (Ministry, 2006) . In the period prior to avian influenza, only group I lost money, but farms in group II and III were profitable. It may be explained by the fact that, although farms in group I lost money, they continued to operate because the gross product value could compensate its entire variable cost. Producers' family labor salaries, interests, and building and machinery deprecation were calculated in the cost analysis, and were included in the production costs. In other words, even when producers lost money, production continued to be economically rational because they received compensation for their labor and own capital. Cost and income factors per farm were analyzed on per hen basis. Gross profit per hen during the avian influenza period was lower than in the period before avian influenza. Gross profit per hen during the avian influenza period was determined as 0.09, 0.37, and 1.15 YTL for groups I, II, and III, as compared to 2.81, 3.01, and 4.08 YTL, respectively, in the period before avian influenza. Gross profit per hen increased as farm size increased during both studied periods. Gross profit per hen was determined to be negative for all farm groups during the avian influenza period, but negative only for group I before avian influenza. Net profit per hen during the avian influenza period was found to be -3.80, -2.25, and -1.52 YTL for groups I, II, and III, respectively, whereas it was 1.10, 0.44, and 1.83 YTL before avian influenza. According to these results, it can be said that losses per hen decreased as farm size decreased during the avian influenza period, but increased in the period before avian influenza (Tables  5 and 6 ). Egg costs and profit margins of the participating farms during and before the avian influenza period are shown in Tables 7 and 8 . Egg cost per bird was calculated by subtracting the value of culled hens, destroyed hens, and manure sales from average production costs per farm, and the residual value was divided by the amount of total egg production. Then, profit margins were calculated by subtracting the cost of producing 1 egg from the egg sales price. The results indicate that the cost of egg production dropped during the avian influenza period for all farm size groups. Prior to avian influenza, production costs were offset against total values of hen and manure sales. During the avian influenza period, production costs were offset against discarded hen values, manure sales, and the compensation received for hens that were culled. The average cost of one egg during the avian influenza period was 0.088, 0.075, and 0.069 YTL for groups I, II, and III, respectively, as compared to 0.095, 0.085, and 0.074 YTL before the avian influenza period. These results indicate that egg cost decreased as farm size increased in both periods. When both studied periods were compared in terms of profit margins, it was determined that the period before avian influenza was more profitable. The calculated profit margin was negative for all farm size groups during the avian influenza period. In comparison, the profit margin was negative for group I, but positive for groups II and III before avian influenza. Since demand for eggs dropped during the avian influenza period, the price of eggs also dropped, causing economic losses for farms. The results indicate that small producers experienced greater losses than larger producers. The profit margin for groups I, II, and III were -0.029, -0.016, and -0.010 YTL/egg during the avian influenza period, and 0.007, 0.003, and 0.014 YTL/egg before avian influenza, respectively (Tables 7 and 8) .
CONCLUSIONS
This study determined the economic effects of avian influenza by comparing economic indicators of 2 periods of study -before and during the avian influenza period. The study location of Afyon Province has a significant role in egg production and marketing in Turkey. According to the results, while net profit and profit margins during the avian influenza period were found to be negative for all farm size groups, only the smallest producers (group I) made a loss in the period prior to avian influenza. It was also found that larger farms suffered lower economic losses than small farms during the avian influenza period. Larger farms were also more profitable than smaller producers during the period before avian influenza. For this reason, new policies should be developed, focusing on enhancing farm capacity. In addition, in order to reduce the cost of feed for producers, additional support should be provided for the domestic production of raw materials of poultry feed (maize, soybean, sunflower, etc.) . In order to compensate the losses of egg farmers due to avian influenza, feed and electricity inputs should be subsidized and low-interest credit facilities should be provided. In addition to these economic measures, it is necessary to create in Turkey a network to address animal health and diseases, especially those of layers. An important factor in establishing such a network would be the provision of sufficient resources for the creation and staffing of an animal health laboratory. 
